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Abstract: Objective: Tuberculosis is currently a chronic infectious disease severely harming human health and the 
leading cause of single pathogen-induced death worldwide. This manuscript aims to investigate the drug resistance 
and its influencing factors of tuberculosis in different regions of China. Methods: A total of 1,831 patients in the Af-
filiated Yangming Hospital of Ningbo University, Yuyao People’s Hospital of Zhejiang Province from January 2010 to 
December 2018 were involved in this study. These patients received initial treatment and retreatment of pulmonary 
tuberculosis that had positive acid-fast staining sputum smears. Results: Total drug resistance rate of mycobacte-
rium tuberculosis was 30.48%. The total drug resistance rate in patients with initial treatment was 25.81%, which 
were significantly lower than that (41.90%) in patients with retreatment (both P<0.05); single-drug resistance rate, 
poly-drug resistance rate, multi-drug resistance rate and extensive drug resistance rate were 16.00%, 8.41%, 6.06% 
and 0.16%, respectively. The resistant drugs were S, H, R, E, Ofx and Km. Multivariate logistic regression analysis 
showed that Smoking, rural registered permanent residence, history of prior treatment, and history of treatment 
interruption were independent risk factors influencing drug resistance in patients with pulmonary tuberculosis with 
odds ratio values of 1.78 (95% confidence interval (CI: 1.17-2.28), 1.96 (95% CI: 1.41-2.47), 2.34 (95% CI: 1.85-
2.78) and 1.86 (95% CI: 1.34-2.32), respectively. The increased risk of multi-drug resistance was significantly cor-
related with previous treatment history and interruption of treatment, and the OR was 2.18 (95% CI: 1.76-2.59) 
and 2.35 (95% CI: 1.86-2.87), respectively (both P<0.05). Conclusion: The drug resistance situation in tuberculosis 
in the Affiliated Yangming Hospital of Ningbo University, Yuyao People’s Hospital of Zhejiang Province was severe. 
Smoking, rural registered permanent residence, history of prior treatment, and history of treatment interruption 
were independent risk factors influencing drug resistance in patients with pulmonary tuberculosis. History of prior 
treatment and history of treatment interruption were independent risk factors of multi-drug resistant tuberculosis.
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Introduction

Tuberculosis is currently a chronic infectious 
disease severely harming human health and 
the leading cause of single pathogen-induced 
death worldwide [1]. In 2015, the morbidity and 
mortality rates of tuberculosis in China acco- 
unted for 15.32% and 3.90% of the world, re- 
spectively, and China has become one of the 
countries with the most severe burden of tuber-
culosis in the whole world [2]. Therefore, tuber-
culosis has been one of the severe diseases 
that was emphatically controlled in China. Since 
2001, Chinese government has successively 
set the National Tuberculosis Control Program 
2001-2010 and National Tuberculosis Control 

Program 2011-2015 to fully implement modern 
tuberculosis control strategy. In China, tuber- 
culosis has been effectively controlled, and bo- 
th mycobacterium tuberculosis infection rate 
and the morbidity rate of smear-positive tuber-
culosis are decreasing year by year [3]. How- 
ever, the morbidity rate of drug-resistant tu- 
berculosis is increasing in recent years. A sys-
tematic analysis showed that the drug resis-
tance rates in patients with initial treatment 
and retreatment of tuberculosis were 20.1% 
and 49.8% respectively, and the multi-drug re- 
sistance rates were 4.8% and 26.3% respec-
tively [4]. Drug resistance, especially for multi-
drug resistance of tuberculosis, has become  
an important issue to be solved urgently for the 
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prevention and control of tuberculosis in China 
[5].

Drug resistance in tuberculosis differs in differ-
ent regions of China. In a study on the drug 
resistance of mycobacterium tuberculosis in 6 
provinces in China, the drug resistance rate in 
tuberculosis is the highest in Henan Province 
(42.98%), and the lowest is in Beijing (21.50%) 
[6]. In addition, previous studies reported that 
age, gender, smoking, place of residence, in- 
trapulmonary cavity, history of prior treatment 
and other factors might be related to the in- 
crease of drug resistance in tuberculosis, al- 
though these results were not necessarily con-
sistent [7-10]. This study aimed to analyze the 
drug resistance in tuberculosis and related risk 
factors in Zhejiang Province, with the hope to 
provide scientific evidence for the prevention 
and control of tuberculosis in this area.

Materials and methods

Patients

Patients with initial treatment and retreatment 
of pulmonary tuberculosis who had positive 
acid-fast staining sputum smears detected in 
tuberculosis drug resistance surveillance sites 
of The Affiliated Yangming Hospital of Ningbo 
University, Yuyao People’s Hospital of Zhejiang 
Province from January 2010 to December 2018 
were involved in this study. The tuberculosis 
drug resistance surveillance sites located in 
ten cites.

Patients with initial treatment were defined as 
the patients never treated with anti-tuberculo-
sis drugs or treated with anti-tuberculosis dr- 
ugs for less than 1 month; while those treated 
over 1 month were re-treated patients [8]. 
Individual information and tuberculosis diagno-
sis and treatment information of patients we- 
re gathered using questionnaires. Investigators 
were composed of specialized persons or relat-
ed medical personnel from tuberculosis dis-
pensaries. All participants signed the inform- 
ed consent and this study has been approv- 
ed by the Ethics Committee of Yuyao People’s 
Hospital of Zhejiang Province.

Sputum culture and drug sensitivity test

Sputum specimens were collected by each sur-
veillance site, and strain identification was per-

formed using PNB/TCH differential medium [6]. 
Drug sensitivity of mycobacterium tuberculosis 
from patients with positive sputum culture was 
tested in a provincial laboratory by the propor-
tion method with starch-free modified Loe- 
wenstein-Jenson medium as the control and 
basal medium [11]. The tested drugs included 
four first-line anti-tuberculosis drugs isoniazide 
(H), rifampicin (R), ethambutol (E), streptomycin 
(S), as well as two second-line drugs levofloxa-
cin (Ofx) and kanamycin (Km). Drug resistance 
was judged according to drug resistance per-
centage. Drug resistance percentage (%) = 
number of bacterial colonies grown on medi-
cated medium/number of bacterial colonies gr- 
own on the control medium * 100. If the drug 
resistance percentage ≥1%, the tested myco-
bacterium tuberculosis strain was considered 
drug resistant, otherwise the strain was consid-
ered as drug sensitive.

Definition of drug resistance

Total drug resistance: drug resistance to any 
one or more of 6 anti-tuberculosis drugs. Sing- 
le-drug resistance: Drug resistance to one an- 
ti-tuberculosis drug. Poly-drug resistance: Drug 
resistance to more than one anti-tuberculosis 
drug (excluding drug resistance to H and R 
simultaneously). Multi-drug resistance: Drug 
resistance to H and R simultaneously at least. 
Extensive drug resistance: Besides drug resis-
tance to H and R simultaneously, drug resis-
tance to one or more of fluoroquinolone antibi-
otics (including Ofx) and three second-line 
anti-tuberculosis drugs (capreomycin, kanamy-
cin and amikacin) [12].

Quality control

Sputum smears and laboratory consumable 
during mycobacterium tuberculosis culture we- 
re provided by Tuberculosis Reference Labo- 
ratory of Zhejiang Province. In drug sensitivity 
test, standard strain HRv37, sensitive strain 
and drug resistance strain of mycobacterium 
tuberculosis were used as the control of quali-
ty. In addition, the Provincial Tuberculosis Re- 
ference Laboratory regularly checked up and 
tested each Municipal Reference Laboratory. 
Checking contents included blinded-recheck-
ing sputum smears, and evaluation indexes 
were the positive rate, negative rate and total 
coincidence rate of smears, so as to ensure 
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Table 1. Total drug resistance in patients with initial treatment and retreatment (n, %)

Patients Drug  
Resistance

Initial Treatment 
(n=1,302)

Retreatment 
(n=529) χ2 P

Total Drug Resistance 558 (30.48) 336 (25.81) 222 (41.97) 46.36 <0.001
Single-drug Resistance 293 (16.00) 194 (14.90) 99 (18.71) 4.07 0.044
Poly-drug Resistance 154 (8.41) 93 (7.14) 61 (11.53) 9.40 0.002
First-line Drug 109 (5.95) 70 (5.38) 39 (7.37) 2.68 0.102
Containing Second-line Drug 45 (2.46) 23 (1.77) 22 (4.16) 8.98 0.003
Multi-drug Resistance 111 (6.06) 49 (3.76) 62 (11.72) 41.82 <0.001
Extensive Drug Resistance 3 (0.16) 0 (0.00) 3 (0.57) 0.024

accuracy and scientific running of laboratory 
operations.

Outcome measurements

Outcome measurements: Various drug resis-
tance rates calculated according to the above 
definition of drug resistance; risk factors influ-
encing drug resistance and multi drug resis-
tance in tuberculosis.

Statistical analysis

SPSS 20.0 software was used to analyze the 
data. The drug resistance rate was expressed 
in constituent ratio. Comparison in drug resis-
tance rate between patients with initial treat-
ment and retreatment was performed using 
chi-square test or exact probability. According 
to the drug resistance situation in drug sensitiv-
ity test, patients with pulmonary tuberculosis 
were divided into case group and control gr- 
oup. Differences in individuals or clinical fea-
tures between case group and control group 
were compared using chi-square test to per-
form univariate analysis, and variables with  
significant difference in univariate analysis we- 
re brought into multivariate logistic regression 
analysis to analyze risk factors influencing dr- 
ug resistance and multi-drug resistance in pa- 
tients with tuberculosis. In multivariate logistic 
regression analysis, likelihood ratio test was 
carried out based on maximum local likeli- 
hood, and forward stepwise independent vari-
able selection was performed; norms of includ-
ing and excluding model were defined as 0.05 
and 0.10 respectively. Analogously, sensitive 
patients and multi-drug resistant patients in 
drug sensitivity test were set as case group  
and control group, and risk factors influencing 
multi-drug resistance were analyzed using the 
above univariate analysis and logistic regres-

sion model. The level of statistical significance 
was set at bilateral α=0.05.

Results

General information

A total of 1,840 patients with tuberculosis were 
recruited during January 2010 and December 
2018, and of them 9 patients who were with 
non-mycobacterium tuberculosis by strain cul-
ture identification were excluded. Thus, a total 
of 1,831 patients were involved in this study, 
including 1,302 patients with initial treatment 
(71.11%) and 529 re-treated patients (28.89%). 
Of the isolated strains from 1,831 patients, 
558 strains showed drug resistance to any  
one of 6 anti-tuberculosis drugs, with a total 
drug resistance rate of 30.48%. The total drug 
resistance rate in patients with initial treatment 
was 25.81% which was significantly lower than 
that in re-treated patients (41.97%). The single-
drug resistance rate, poly-drug resistance  
rate, multi-drug resistance rate and extensive 
drug resistance rate in patients were 16.00%, 
8.41%, 6.06% and 0.16%, respectively, and 
these four drug resistance rates in patients 
with initial treatment were significantly less 
than those in re-treated patients (all P<0.05, 
Table 1).

The drug resistant spectrum of strains from 
1,831 patients with pulmonary tuberculosis 
was shown in Table 2. There were 6 poly-drug 
resistance combinations of 4 first-line anti-tu- 
berculosis drugs, and the proportion of H+S 
among patients with initial treatment was the 
largest, accounting for 80.00%. In the poly- 
drug resistance combinations of supplemen- 
tation with second-line drugs, the proportions 
of S+Ofx and H+S+Ofx were the top two, ac- 
counting for 21.74% and 13.04%, respectively. 
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Table 2. Drug resistant spectrum of mycobacterium tuberculosis in patients with smear-positive pul-
monary tuberculosis

Anti-tuberculosis drug
Initial treatment Retreatment Total

Number Percentage (%) Number Percentage (%) Number Percentage (%)
Single-drug Resistance
    H 35 18.04 26 26.26 61 20.82
    R 14 7.22 8 8.08 22 7.51
    E 10 5.15 7 7.07 17 5.80
    S 127 65.46 55 55.56 182 62.12
    Ofx 6 3.09 2 2.02 8 2.73
    Km 2 1.03 1 1.01 3 1.02
    Subtotal 194 100.00 99 100.00 293 100.00
Multi-drug Resistance
    H+S 56 80.00 14 35.90 70 64.22
    H+E 2 2.86 8 20.51 10 9.17
    H+S+E 3 4.29 7 17.95 10 9.17
    R+E 1 1.43 2 5.13 3 2.75
    R+S 6 8.57 6 15.38 12 11.01
    R+E+S 2 2.86 2 5.13 4 3.67
    Subtotal 70 100 39 100.00 109 100.00
Poly-drug Resistance Containing Second-line Drug
    H+Ofx 3 13.04 0 0.00 3 6.67
    H+S+Ofx 4 17.39 0 0.00 4 8.89
    H+S+Km 0 0.00 1 4.55 1 2.22
    H+S+Km+Ofx 0 0.00 2 9.09 2 4.44
    H+E+S+Km 2 8.70 1 4.55 3 6.67
    H+E+Ofx 0 0.00 3 13.64 3 6.67
    H+E+S+Km+Ofx 0 0.00 4 18.18 4 8.89
    R+Ofx 2 8.70 2 9.09 4 8.89
    R+E+Ofx 3 13.04 2 9.09 5 11.11
    R+E+S+Km 3 13.04 1 4.55 4 8.89
    E+S+Ofx 1 4.35 1 4.55 2 4.44
    E+S+Km 0 0.00 2 9.09 2 4.44
    S+Km 0 0.00 2 9.09 2 4.44
    S+Ofx 5 21.74 1 4.55 6 13.33
    Subtotal 23 100.00 22 100.00 45 100.00
Multi-drug Resistance
    H+R 12 24.49 1 1.61 13 11.71
    H+R+E 6 12.24 3 4.84 9 8.11
    H+R+S 8 16.33 21 33.87 29 26.13
    H+R+Ofx 2 4.08 5 8.06 7 6.31
    H+R+E+S 16 32.65 5 8.06 21 18.92
    H+R+S+Ofx 0 0.00 9 14.52 9 8.11
    H+R+S+Km 2 4.08 1 1.61 3 2.70
    H+R+E+S+Ofx 3 6.12 13 20.97 16 14.41
    H+R+E+S+Km 0 0.00 1 1.61 1 0.90
    H+R+S+Ofx+Km 0 0.00 1 1.61 1 0.90
    H+R+E+S+Ofx+Km 0 0.00 2 3.23 2 1.80
    Subtotal 49 100.00 62 100.00 111 100.00
Note: H: isoniazide; R: rifampicin; E: ethambutol; S: streptomycin; Ofx: levofloxacin; Km: kanamycin.

There were 11 multi-drug resistance combina-
tions, and the proportions of H+R+E+S, H+R 

and H+R+S were the top three, accounting for 
32.65%, 24.49% and 16.33%, respectively. The 
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drug resistance rates from high to low were 
streptomycin (393 strains), isoniazide (282 
strains), rifampicin (165 strains), ethambutol 
(113 strains), levofloxacin (75 strains) and 
kanamycin (25 strains), and the sequence of 
drug resistance to the 6 drugs in patients with 
initial treatment and retreatment was consis-
tent with the above sequence (Figure 1).

Risk factors influencing drug resistance and 
multi-drug resistance in patients with pulmo-
nary tuberculosis

Risk factors influencing drug resistance and 
multi-drug resistance were analyzed by taking 
patients who were sensitive to all 6 anti-tuber-
culosis drugs as control. Comparison in per- 
sonal features and treatment between drug 
resistant and multi-drug resistant patients  
and control patients were shown in Table 3. Dr- 
ug resistant patients over 60 years old, smok-
ing, monthly family income less than 6,000 
RMB, and rural registered permanent resi-
dence accounted for 26.88%, 49.46%, 64.70% 
and 55.20% respectively, which were signifi-
cantly higher than those in control group (all 
P<0.05). In addition, the proportions of history 
of prior treatment and history of treatment 
interruption in drug resistance group were sig-
nificantly higher than those in control group.  
In multi-drug resistance group, drug resistant 
patients over 60 years old, smoking, rural re- 
gistered permanent residence, history of prior 

dicated that smoking (odds ratio (OR)=1.78, 
95% confidence interval (CI): 1.17-2.28), rural 
registered permanent residence (OR=1.96, 
95% CI: 1.41-2.47), history of prior treatment 
(OR=2.34, 95% CI: 1.85-2.78) and history of 
treatment interruption (OR=1.86, 95% CI: 1.34-
2.32) were independent risk factors influenc- 
ing drug resistance in patients with pulmonary 
tuberculosis. The increasing risk of multi-drug 
resistance was significantly correlated with the 
history of prior treatment (OR=2.18, 95% CI: 
1.76-2.59) and history of treatment interrup-
tion (OR=2.35, 95% CI: 1.86-2.87) (Table 4).

Discussion

The morbidity rate of tuberculosis has declined 
in China recently, while the morbidity rate of 
drug-resistant tuberculosis is increasing. The 
world health organization (WHO) has reported 
that patients with multi-drug resistant tubercu-
losis in China in 2018 accounts for 13% of the 
world, ranking second in the world [13]. Drug-
resistant tuberculosis can lead to an increase 
in the difficulty of treatment and an enlarge-
ment in the range of chronic source of infec-
tion, greatly challenging the prevention and 
cure of tuberculosis in China.

We performed five nationwide epidemiological 
surveys of tuberculosis. In the latest survey (in 
2010), the total drug resistance rate, multi-
drug resistance rate and extensive drug resis-

Figure 1. Sequence of drug resistance to 6 anti-tuberculosis drugs. S: strep-
tomycin; H: The tested drugs included isoniazide; R: rifampicin; E: ethambu-
tol; Ofx: levofloxacin; Km: kanamycin.

treatment and history of treat-
ment interruption accounted 
for 33.33%, 53.15%, 49.55%, 
37.84% and 22.52%, respec-
tively, which were significantly 
higher than those in control 
group (all P<0.05).

The above results indicated 
that age, smoking, registered 
permanent residence, history 
of prior treatment and history 
of treatment interruption mi- 
ght be risk factors influencing 
drug resistance and multi-drug 
resistance. Moreover, low fam-
ily income might also be a risk 
factor influencing drug resis-
tance and multi-drug resistan- 
ce. The results of multivariate 
logistic regression analysis in- 
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Table 3. Univariate analysis of risk factors influencing drug resistance and multi-drug resistance of 
mycobacterium tuberculosis in patients with smear-positive pulmonary tuberculosis (n, %)

Feature Sensitivity Drug  
Resistance P Sensitivity Multi-drug 

Resistance P

Gender 0.141 0.478
    Male 912 (71.64) 416 (74.55) 912 (71.64) 76 (68.47)
    Female 361 (28.36) 142 (25.45) 361 (28.36) 35 (31.53)
Age 0.033 0.048
    <30 252 (19.79) 85 (15.23) 252 (19.80) 19 (17.12)
    30-60 729 (57.27) 323 (57.89) 729 (57.27) 55 (49.55)
    >60 292 (22.94) 150 (26.88) 292 (22.94) 37 (33.33)
Educational background 0.044 0.145
    Senior high school and below 845 (66.38) 397 (71.15) 845 (66.38) 81 (72.97)
    Junior college and above 428 (33.62) 161 (28.85) 428 (33.62) 30 (27.03)
Smoking 0.016 0.046
    No 721 (56.64) 282 (50.54) 721 (56.64) 52 (46.85)
    Yes 552 (43.36) 276 (49.46) 552 (43.36) 59 (53.15)
Monthly family income 0.027 0.036
    <6000 754 (59.23) 361 (64.70) 754 (59.23) 77 (69.37)
    ≥6000 519 (40.77) 197 (35.30) 519 (40.77) 34 (30.63)
Registered permanent residence <0.001 0.012
    Rural area 487 (38.26) 308 (55.20) 487 (38.26) 55 (49.55)
    City 786 (61.74) 250 (44.80) 786 (61.74) 56 (50.45)
History of prior treatment <0.001 0.002
    No 966 (75.88) 256 (45.88) 966 (75.88) 71 (63.96)
    Yes 307 (24.12) 302 (54.12) 307 (24.12) 42 (37.84)
History of treatment interruption <0.001 0.005
    No 1107 (86.96) 442 (79.21) 1107 (86.96) 86 (77.48)
    Yes 166 (13.04) 116 (20.79) 166 (13.04) 25 (22.52)

tance rate in patients with tuberculosis were 
42.1%, 6.8% and 2.1%, and the drug resistan- 
ce rates in patients with initial treatment and 
retreatment were 42.7% and 38.5% respecti- 
vely [14]. In addition, due to the differences in 
geographic location, demographic characteris-
tics, climate and other factors, the morbidity 
rate of drug-resistant tuberculosis in China sh- 
ows significant regional differences [15-17]. In 
this study, the total drug resistance rate in 
1,831 patients with tuberculosis was 30.48%; 
the total drug resistance rate and multi-drug 
resistance rate in patients with initial treat- 
ment were 25.81% and 6.06%, which were 
lower than the national level in 2010; the total 
drug resistance rate in re-treated patients was 
41.97% which was slightly higher than the na- 
tional level; the results was similar to those in 
another study [12, 14]. In general, the total 
drug resistance rate and multi-drug resistance 
rate in tuberculosis in this region were in the 

middle level in China [6, 12, 18]. In this study, 
the extensive drug resistance rate was 0.16% 
which was lower than that reported in the 
national survey of tuberculosis epidemiology in 
2010 (2.1%) and lower than that reported in 
this region and other areas [14, 19].

In this study, the sequence of single-drug resis-
tance rate was S, H, R, E, Ofx and Km, and the 
sequence of drug resistance to the 6 drugs in 
patients with initial treatment and retreatment 
was consistent with the above sequence. The 
results were consistent with those reported in 
previous studies [12, 20]. In another study, the 
drug resistance rates from high to low were S, 
H, R, O, E and Km [21]. However, the drug resis-
tance rates to S, H and R were the top three, 
which was consistent with trend comparison. 
Due to the differences in geographical environ-
ment, climatic conditions, social customs and 
habits and economic level between different 



Drug resistant tuberculosis

8921 Int J Clin Exp Med 2020;13(11):8915-8923

Table 4. Multivariate logistic regression analysis of risk fac-
tors influencing drug resistance and multi-drug resistance of 
mycobacterium tuberculosis in patients with smear-positive 
pulmonary tuberculosis (n, %)

Feature Adjusting 
OR 95% CI P

Drug resistance*

    Smoking
        No Reference 0.043
        Yes 1.78 1.17-2.28
    Registered permanent residence
        Rural area Reference 0.026
        City 1.96 1.41-2.47
    History of prior treatment
        No Reference 0.011
        Yes 2.34 1.85-2.78
    History of treatment interruption
        No Reference 0.031
        Yes 1.86 1.34-2.32
Multi-drug resistance#

    History of prior treatment
        No Reference
        Yes 2.18 1.76-2.59 0.019
    History of treatment interruption
        No Reference
        Yes 2.35 1.86-2.87 0.007
Note: *Adjusting age, educational background, and monthly family income; 
#adjusting age, smoking, monthly family income, and registered permanent 
residence. OR: odds ratio; CI: confidence interval.

regions, the drug resistance rate and drug re- 
sistance sequence in The Affiliated Yangming 
Hospital of Ningbo University, Yuyao People’s 
Hospital of Zhejiang Province were not consis-
tent with those in other areas [6, 8, 14, 22]. 
Therefore, we should develop appropriate ther-
apeutic regimens based on the results of my- 
cobacterium tuberculosis culturing and drug 
sensitivity test in the prevention and cure of 
tuberculosis.

In this study, smoking, rural registered perma-
nent residence, history of prior treatment and 
history of treatment interruption were inde- 
pendent risk factors influencing drug resistan- 
ce in patients with tuberculosis, and multi-drug 
resistance was significantly correlated with his-
tory of prior treatment and history of treatment 
interruption, which was similar to but not fully 
consistent with the results in other studies [8, 
23-25]. In a meta-analysis involving in 33 stud-

ies, smoking is an independent ri- 
sk factor influencing drug resistance 
and multi-drug resistance. In other 
meta-analysis, smoking can increase 
the risk of multi-drug resistant tuber-
culosis but with no significant differ-
ence [23, 24]. Analogously, the sig-
nificant correlation between smoking 
and drug resistance in this study was 
only existed in drug resistance not in 
multi-drug resistance. This might be 
related to the easy treatment inter-
ruption in smoking patients [26]. Pre- 
vious studies reported that rural po- 
pulation or floating population might 
increase the risk of drug resistant 
tuberculosis [25, 27]. The result that 
rural registered permanent residen- 
ce was an independent risk factor 
influencing drug resistance in tuber-
culosis in this study was consistent 
with that in above studies. The rea-
son might be that tuberculosis con-
trol force in rural areas was relati- 
vely weak, and floating populations 
mostly came from rural areas and 
had worse living environment and 
few opportunities receiving medical 
services than permanent residents, 
making the drug resistant tubercu- 
losis be prone to occur.

Previous studies have confirmed that history of 
prior treatment and treatment interruption are 
risk factors influencing drug resistance and 
multi-drug resistance in tuberculosis [8, 24, 
28]. In this study, we also obtained the result, 
especially among risk factors influencing multi-
drug resistance, only history of prior treatment 
and treatment interruption showed a significant 
difference, which emphasizing the significance 
of standard treatment in preventing drug resis-
tance in the prevention and control of tubercu-
losis. Moreover, some studies indicated that 
female, age, educational background, financial 
situation and other factors were related to the 
increasing risk of drug resistant tuberculosis, 
which was not fully consistent with the results 
in our study [7, 28, 29]. Therefore, we should 
further investigate the correlations between 
the above factors and drug resistance and 
multi-drug resistance in tuberculosis.
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In summary, we analyzed the epidemiological 
distribution of drug resistant tuberculosis and 
risk factors influencing drug resistance and 
multi-drug resistance in tuberculosis. The drug 
resistance in tuberculosis in The Affiliated 
Yangming Hospital of Ningbo University, Yuyao 
People’s Hospital of Zhejiang Province is still 
severe. In future, we should improve the nor-
malization of tuberculosis treatment, detect 
the drug resistance of mycobacterium tubercu-
losis timely, identify high-risk groups in accor-
dance with risk factors influencing drug resis-
tance and multi-drug resistance in tuberculosis 
in this region, and perfect tuberculosis preven-
tion and control measures in this region.
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